Neurobiological bases of age-related cognitive decline in the rhesus monkey.
The rhesus monkey offers a useful model of normal human aging because when monkeys are tested on a battery of behavioral tasks that can also be used to evaluate cognition in humans, it is found that the monkeys undergo an age-related decline in several domains of cognitive function as do humans. In monkeys these changes begin at about 20 years of age. To determine what gives rise to this cognitive decline, we have examined several parameters in the brains of monkeys. Some parameters do not change with age. Examples of this are the numbers of neurons in the neocortex and hippocampal formation, and the numbers of synapses in the hippocampal formation. Changes in other parameters can be positively correlated with chronological age; examples of this are numbers of neuritic plaques, a decrease in the numbers of neurons in the striatally projecting pars compacta of the substantia nigra, and a decrease in the thickness of layer I in primary visual cortex. But the most interesting changes are those that correlate either with cognitive decline alone, or with both cognitive decline and chronological age. Among these are a breakdown in the integrity of myelin around axons, an overall reduction in the volume of white matter in the cerebral hemispheres, thinning of layer I in area 46 of prefrontal cortex, and decreases in the cell density in cortically projecting brain stem nuclei. To date then, our studies suggest that the cognitive declines evident in the rhesus monkey may be a consequence of changes in layer I and in the integrity of myelinated axons, rather than an age-related loss of cortical neurons or synapses, as has long been assumed.